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Two new primer sets of a 766- and a 344-bp fragment were introduced into the conventional Bruce-ladder
PCR assay. This novel multiplex PCR assay rapidly and concisely discriminates Brucella canis and Brucella
microti from Brucella suis strains and also may differentiate all of the 10 Brucella species.

The alphaproteobacterial genus Brucella consists of 10 spe-
cies: B. abortus, B. canis, B. suis, B. ovis, B. neotomae, B.
melitensis, B. ceti, B. pinnipedialis, B. microti, and B. inopinata
(3,5, 16, 17). Brucella species show a host preference, but some
strains can be transmitted among a variety of animals, includ-
ing humans (11, 12, 14, 18).

To accelerate effective prevention and control of brucellosis, a
fast and accurate identification method is necessary. Many studies
have developed PCR-based assays for the discrimination of Bru-
cella species (2, 4, 7, 8, 10). Recently, Lopez-Goni et al. reported
that the Bruce-ladder PCR assay could differentiate most Brucella

species, including marine mammal and vaccine strains B. abortus
S19, B. abortus RB51, and B. melitensis Rev.1 (6, 10, 13). How-
ever, these assays did not solve the problem of erroneous identi-
fication of B. canis isolates (such as B. suis) and basic differenti-
ation between two marine mammal Brucella species (B. ceti and
B. pinnipedialis) (9, 13, 15). Therefore, the aim of this study was to
develop a fast, simple, and accurate one-step multiplex PCR assay
to differentiate 10 Brucella species using 22 reference strains and
106 field isolates in South Korea.

To discriminate between B. canis and B. suis, alignments
of their whole-genome sequence or each biovar short-gun

Strains . 1o 105 270 Nucleotide sequence (5’ - 37) s Retarks

B. melitensisbvl ~ CCAACCGTATGTCCTCTCT: «+ «+ + GCCCT+ -« AAGAAGGCTGGAAAGAACAGATCAGAAAAGGCCAAGTGTGAGCAATAGGCTTTCGAACGTAGCCTGCGGT BMEIl 0722
B» ab()r’llS b\/l ......................................................................................................... 94bp deletion
Busants  Sesssesocuesscossn § s S § SGRe SR SRS SN SIS § GRS §REE § SIS DI § GE SETNG § SRS TAE SR 12bp deletion
TissyTeDYIIS v o ctohe w oiorskess o saeiereds sivishess o shepsans Suugegeils sieKecess o SEsAeisis SieHaeNs * sieHelsks SReUUSHe S oKHeRN SARSOHORS 81 eHeRuRA ESNOEORS o SHUNES ' SUSFATORS sisduiese s simeds

Bagls i e § AN DORNE e § R T WS SN GRS § AR § RN 3 A SORGE ¢ AR YGRS S S £ SN § SRS SR ¢

Bunootomaer | inie:s suskeasts s sumssiens-s et e e e et ettt e e et e e e e e e e e e e e e e point mutation, 1bp deletion
B. DInmIpedialis =+ttt e et e e s

A A R R EL R R R R TCCG- - CAATATCC * C+AGC - AAC* GC * * CTGGCGCACCCGC * * CCC * CAACA *  CCTGATATACCACCG 139bp replacement
Bmiarof 505 S i s BOi § GvRs SeTrne § GO RETA RGNS AU § AT § YOG SR § SO RAGINE § SRR § AR § TG SRS § BiE

J Tl 1 T T 12bp deletion
BicanisdBel, | oafimmem o oo 5 Seshediis eoanin s Satiadedh snsiseids Siauskons  Saokainnd 6 sssined § Suskisons SeRridin 3 SkAHeeER SSHAS & Shseinin Fuheoiash § Huskiness SxpatARcs ¢ Buskd 12bp deletion
J Tl e o T I R R R lep deletion
Strains 340 363 371 facteotide sequence (37 - 3439 559 745 766  Remarks

B. melitensis bvl ~ GGTATATCAGGCGTGTTGCGGGTG---——=~— CGCCAGTTGCCGTTTGCTTGCGGATATTGCTCGGACTA:« + + *CCCCG- + + + + CGTCGAACACCAGTTCCCGCA BME Il 0721
BIaboPmiSBVE 67013 sssete § e & i § SVESESSISULS oot ' SYSHEINS & SISt S SAVMUIDES § SISKINA & SNSIOTS SIS 3 ASTHIAYS WIS § SUSYSHE & SYOVES & SEGE SUTHE § WO

B. ('a"i»\' ........................ GCGGGTG s * s s st ss s et tssastsssssssssssssssssssssssssssssssssssssssssssssssssssssss 7bp insenioﬂ
B.suisbvl-5 ~ ceeceeeeeeiieiiiiiiian, GCGGGT G * »# s s v oo ooooonssonesssssssssssssssssssssssessssossesssnssnassnnssnnsnnses 7bp insertion
B‘ DVi.Y ........................ GCGGGTG s s s s s e essesasesstsesstssssssssssssssssssssssssssssssssssssssssssssssss 7bp inseni()n
Bireotomae = T SR s ey deeeE ¢ aue GCGGETG ¥l & Hamiala ¢ Suiere ¢ visielt § delof & GTaels SIaieaTe ¢ SiRielels Yateiam & SRS & L7 ¢ alslaeTs Siaieians ¢ s 7bp insertion
B' pinni[)edia]iX ........................ GCGGGTG .......................................................................... 7bp insertion
B. ceti CAGGCTA *GTT - - AAAGC * TAT + * CTCACGCTTGGCC * * TTCTGA * CTG * TCTTTCCAGC * * TCTT+ + T#+ * * * === == —mmmmmmmmmmmmmmm oo oo oo oo 972bp deletion
B‘ "”‘C,.()”' ........................ GCGGGTG .......................................................................... 7bp insenion
B.canis HN-3 ~ +eeceveneennenenneenn, GOGGGT G+ »# ¢+t oot temeseenneeeenneeenueesesseesnsaessnsssenssesennesesneesnnnssss 7bp insertion
B. canis JB-1 =~ cerceccetcaiciiiieiiaaas GCGGGT G * ¢ ¢ s o oot soesosonussssnassssasssssstsssassssssssosssssossssssasssssnssss 7bp insertion
B. canis HSY-6 =~ +ovceveercencneenenens GOGGGT G+ » # ¢t s oot temseeanneeeennesesueesenseessaseesnsssenssesonnssesneesnnnssss 7bp insertion

FIG. 1. Alignment for specific gene fragments (766 bp) of representative B. canis isolates and Brucella reference strains. The B. canis isolates
are indicated as HN-3, JB-1, and HSY-6. The primer set is underlined. Dots indicate consensus sequence; dashes indicate deletions.
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Strains . Nucleotide sequence (5’ - 37) o 230 . Remarks

B. melitensisbvl ~ CTACTCAAGGACTTCTGCTATTCTACGTGTACGGGACTATCACCCACTTCGGTCGAGITTTCCAACTCGTTCCACTTTATTCACAAAA - - - + * GCTGTGCTGTTCTCGCTCA  BME | 102

A h D T T N

B. CANIS e e e e e e e et ettt ettt ettt e ee ettt

B.SuiSDVL e e et tieiiieiecatte et iaaceesteaeettsaaaat et teat et tatteesetteenteaaceeetesetetatatteesotstaaatetoannesoannes

D3 T T T T T

) I T T S S

) e A T T T

B. pinnipedialis =~ ++cc e e et Lttty

DR B R CrAmmmmmmm e e 14bp deletion

B. microti CTACTCAAGGACAACAGGTG: =+ ++ v v ovvvrrs Grevrrrrnee s CAACCr+vvn+ GG TCr s vvvvrveeens C-TATT CrA-—mmmmmmmmmmo 14bp deletion
Strains 25 Nucleotide sequence (5’ - 3') - Remarks

B. melitensis bvl CGCGCCGTACGCATTCCAGAGGAATGCTGGCGCTCCGCGGGGGGCGGCCCACATGGGCCGACGACCTAGCGGTCTGTATGGGTGTAAACCCATCCAGCGTTGCTCCAACAAA BME | 102

B. GBOFIUS DVI o oot e et oot ot oot oot o ee ot s o st o e e et oe e s et ome e s to et o sonto et e e e es et teeteteetteet et etee et totetaeentotesasoess 1bp deletion

Baris 00 ¢GRS VINTERE S VERIE DIRTERA ¥ SE | EER NS ¥ Eai § SN T OB § BNRE S SR T G T LRI § ORNG T RN § BSNE § G4 e 1bp deletion

B.SuiSBVL e e et teceeciciieen et iaaaeessaaea et at it e ieaeestaaen it taaaattieaate i eatateeetateettssatet et taatatesaanasinsas 1bp deletion

BooVIS: e esisietete sisteneis s o sieetes sisieneieis o eieisisie o sisteveieteiadets o siiede o eieisieivie sieleieie o ejeieiele u syesieiere s sisieiete » eisieete s sieeiele e sieSeveres sTeeveie s sisisieie o siwie eie 1bp deletion

BIACOIOmAS ¢ 6l SR Y USRS SAAIG ¢ NOS ¢ SRS ¥ S T S TN B LIRS SO 6 ¢ SR ¢ LS R B E R T SRS Y S wed 08 1bp deletion

B.Celi = et eeteeccaceasieeteeceateetaneetee e it oe et msee et et oetoetott et et et tosteteeatontote s teteeetaetseneaastbeantsans 1bp deletion

YA T I R TR 1bp deletion

B. inopinata Te+++ese——————CT" +A+AAGGCAG"AAGT - AGTAG" * CAATAA*G*A*T* + * TTT*—TT* +A+ +CT+CC+ - ACTGCC* *A*TGCCCTATT--GCCTTAAAC-GACACA  109bp replacement

B. microti Tee+teeemmm=m-CT: +A+AAGGCAG* AAGT * AGTAG" * CAATAAG*A+T* + +TTT —=TT* *A+ -CT+CC* +ACTGCC* *A*TGCCCTATT--GCCTTAAAC-GACACA  109bp replacement

FIG. 2. Alignment of specific gene fragment (344 bp) of B. microti compared to other Brucella species. The primer set is underlined. Dots

indicate consensus sequence; dashes indicate deletions.

sequence were performed extensively using CLC Main
Workbench (version 5.7) software (Insilicogen Inc., South
Korea). Compared to five biovars of B. suis, a specific 12-bp
deleted genetic site was discovered in the BME2 0722 ge-
netic region of B. canis (Fig. 1). Other Brucella strains,
except for B. abortus, did not show this gene deletion. How-
ever, in B. abortus, a 94-bp gene deletion that partially
consisted of the 12-bp deleted site was detected. The reverse
primer site confirmed an extensive 972-bp gene deletion site
at BME2 0721 in B. ceti. This deletion site was not found in
other Brucella species such as B. pinnipedialis. Based on the
results from the alignment, a new primer set of 766 bp was
designed to replace the 794-bp fragment of the BME2 436f-
435r primer set in the Bruce-ladder PCR assay (10). This
new primer set consisted of 5'-CCAACCGTATGTCCTCT
CT-3" (forward) and 5'-TGCGGGAACTGGTGTTCGAC
G-3’ (reverse). Another primer set designed from the BMEL1
r02 region, which was aligned with 23S rRNA sequences
from other Brucella species, was also included for the de-
tection of B. microti (Fig. 2). The forward primer was de-
signed by a site genetically mutated compared to other Bru-
cella species, and the reverse primer was designed at a
109-bp replacement genetic site of the BME1 r02 region. A
distinctive sequence site of 344 bp in B. microti was recog-
nized using the primer set 5'-CTACTCAAGGACAACAG
GTG-3' (forward) and 5'-TGTGTCGTTTAAGGCAATAG
G-3' (reverse). Seven primer sets, except for BME2 436f-
435r primer, were synthesized in accordance with the Bruce-
ladder assay as described previously (10). PCR amplification
was performed using 2X PCR premix kit (Cosmo Genetech,
South Korea). PCR conditions consisted of an initial dena-
turing at 95°C for 5 min followed by 30 cycles of 95°C for
30 s, 60°C for 2 min, and 72°C for 1 min, and a final exten-
sion at 72°C for 5 min.

As a result, the PCR using the new primer set of 766 bp
distinctly discriminated B. canis and B. suis strains (Fig. 3A). In

a multiplex PCR assay including this primer set, B. melitensis (3
biovars), B. suis (5 biovars), B. ovis, B. neotomae, B. pininipe-
dialis, and B. microti were amplified selectively, whereas B.
abortus (biovars 1 to 6 and 9, RB51, and S19), B. canis, B. ceti,
and B. inopinata reference strains did not generate any ampli-
cons (Fig. 3B). Also, 76 B. canis strains used in this study
unambiguously showed as not being amplified by this specific
primer set (data not shown). Therefore, the primer set of the
794-bp fragment in the Bruce-ladder PCR assay was replaced
by our novel primer set of 766 bp, which can distinguish B.
canis from B. suis strains and could discriminate between B.
ceti and B. pinnipedialis reference strains (Fig. 3b). This novel
primer might be used to differentiate between B. ceti and B.
pinnipedialis even though it was not applied to marine mammal
Brucella isolates.

Audic et al. analyzed the whole-genome sequence of B.
microti and reported that the most noticeable difference be-
tween B. microti and other Brucella species was in the 23S
rRNA gene (1). Based on this report, a new designed primer
set of a 344-bp fragment specifically amplified only B. microti;
however, it did not detect other Brucella species and 106 field
isolates used this study (Fig. 3B). Furthermore, the recent B.
inopinata strain was distinguished from other Brucella species
because of not being amplified by the two new primers as it was
by the previously described primer sets (1,071 bp) (13).

Consequently, the novel multiplex PCR assay was a rapid
and robust diagnostic method to discriminate B. canis and B.
microti from other Brucella species, including B. suis, in a single
step. Moreover, this assay discriminated all 10 Brucella species,
including marine mammalian reference strains. This multiplex
PCR assay could be readily utilized as a genetic screening tool
for Brucella strains isolated from animals and humans, not only
for the prevention and control of the disease but also in any
microbiology laboratory worldwide. In addition, this assay
could contribute to efforts to eradicate brucellosis in underde-
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FIG. 3. (A) PCR products of B. canis and B. suis strains amplified using the novel primer set of 766 bp. Lanes M, 100-bp DNA ladder; lane
1, B. canis ATCC 23365; lanes 2 to 6, B. suis biovars 1 to 5, respectively; lanes 7 to 10, B. canis isolates. (B) PCR products from Brucella species
amplified using the advanced multiplex PCR assay. Lane M, 100-bp DNA ladder; lanes 1 to 7, B. abortus biovars 1 to 6 and 9, respectively; lane
8, B. abortus RB51; lane 9, B. abortus S19; lane 10, B. canis ATCC 23365; lanes 11 to 15, B. suis biovars 1 to 5; lane 16, B. ovis; lane 17, B. neotomae;
lanes 18 to 20, B. melitensis biovars 1 to 3; lane 21, B. ceti; lane 22, B. pinnipedialis; lane 23, B. microti; lane 24, B. inopinata.

veloped or developing countries with limited financial re-
sources.
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